Abstract : Development of highly efficient and energy-saving tractors has been one of the issues in agricultural machinery. For design of such tractors, measurement and analysis of load on major power transmission parts of the tractors are the most important pre-requisite tasks. Objective of this study was to perform pre-processing procedures before effective analysis of load data of agricultural tractors (30, 75, and 82 kW) during major field operations such as plow tillage, rotary tillage, baling, bale wrapping, and to select the suitable pre-processing method for the analysis. A load measurement systems, equipped in the tractors, were consisted of strain-gauge, encoder, hydraulic pressure, and radar speed sensors to measure torque and rotational speed levels of transmission input shaft, PTO shaft, and driving axle shafts, pressure of the hydraulic inlet line, and travel speed, respectively. The entire sensor data were collected at a 200-Hz rate. Plow tillage, rotary tillage, baling, wrapping, and loader operations were selected as major field operations of agricultural tractors. Same or different farm works and driving levels were set differently for each of the load measuring experiment. Before load data analysis, pre-processing procedures such as outlier removal, low-pass filtering, and data division were performed. Data beyond the scope of the measuring range of the sensors and the operating range of the power transmission parts were removed. Considering engine and PTO rotational speeds, frequency components greater than 90, 60, and 60 Hz cut off frequencies were low-pass filtered for plow tillage, rotary tillage, and baler operations, respectively. Measured load data were divided into five parts: driving, working, implement up, implement down, and turning. Results of the study would provide useful information for load characteristics of tractors on major field operations.
instrumentation and data logging system to field test of agriculture tractor. The system had sensors for fuel consumption, engine speed, wheel speed, moving speed, weight of front and rear axle, and toque of front and rear axle. Besides, it had a converter to measure load at three-point hitch. The converter signals were stored in a data logging device after divided, amplified or filtered.
Tractor load can be largely divided into two parts: drawbar load and PTO load. Kim et al. (2009) compared and analyzed the engine full load and drawbar load.
The torque load ratio increased from 20% to 80% with less than 5 km/hr pull speed and it was 80 to 110% at speeds faster than 5 km/hr regardless of the pull speed. Kim et al. (2011) performed analysis of the power requirement on major operations of agricultural tractor. Power requirements at major operations (such as plow, rotary tillage, and loader operations) were analyzed during the total operation period and actual field operation period. Averaged power requirement for total operation and actual field operation were 17.5 and 23.1 kW at plow; 19.1 and 24.6 kW at rotary tillage; and 8.9 and 14.9 kW at loader operations, respectively.
Delivery of the measured data to the data acquisition system might be incomplete due to the generation of tractor's vibration and noise, electrical impacts. Noise from the measurement system can make additional undesirable effects to the irregular distribution of data (Richard and Donald, 2010) . Oh et al. (2011) removed white noise using wavelet transform to develop a diagnostic system in an engine-assembly line. Hansson et al. (2003) filtered torque signal with a fifth order Butterworth digital low-pass filter before it was used as input for the calculations of the fuel efficiency. The cut-off frequency for the low-pass filter was defined so that the transients caused by the system after the transducer was not reduced, but the variations at each combustion cycle in the engine were eliminated. At an idle engine speed of 900 rpm, 30 power strokes were performed each second, and an upper limit for the cut-off frequency was 30 Hz. Kim (2012) measured the transmission shaft torque and performed pre-processing of that data using the discrete Kalman filter. RMS value of measured data and designed data was 6.7 Nm, which means that it was very effective to remove random noise in time domains. Therefore, the pre-processing of data is required for efficient analysis before performing the load analysis. It is possible to perform efficient analysis through pre-processing such as outlier removal, filtering, and work division. The purpose of this study was to perform pre-processing procedures (outlier removal, low-pass filtering, and data division) to the major field operations (plow tillage, rotary tillage, baling, bale wrapping, and loading) data of agricultural tractors (30, 75, and 82 kW) for better analysis of tractor load data.
II. Materials and Methods

Load data measurement
A load measurement system was equipped in the tractors (30, 75, and 82 kW). The measurement system was equipped with three 8-channel data acquisition unit (QuantumX MX840, HBM, and Germany), which enable to measure 18 signals. Torque at the four wheel shafts, transmission, and PTO input shaft were measured using strain gauge (CEA-06-250US-350, Micro Measurement Co., USA). Experiments were in triplicate. Rotational speed was measured by an encoder (60 pulse encoder) embedded in the slip ring (SR-10M/E60, MI-Scientific Co., USA). The pressures of the hydraulic main and auxiliary pump were measured using a pressure sensor (P6A, HBM, Germany). Flow rates were calculated by using the rotational speed and theoretical discharge rates of each pump. Fuel consumption at the engine was measured by a flow meter (M05, NURITECH, Korea) which was installed Table 2 shows type of field operations, levels of travel, and PTO speed of tractors.
The specifications of the equipment used as attachment to each type tractor are shown in Table 3 .
In the first experiment with 30 kW tractor, plow Co., Norway) was different with working width of 2,100 mm.
Pre-processing of load data
Pre-processing was performed to remove noise and thereby improve analysis of data. Among the methods, outlier removal, filtering, and data discretization were employed to make minimize the changes of load data and make the data analysis easier. Because this data contained both the data of plowing operation and the driving and turning operations those were not preceded the operation. Therefore, And, rotational speed of the engine and four-axle were transferred to digital input channels with sampling rate of 1 MHz. Generally, the white noise is present in the speed range; thus it can be measured within the sampling rate. Filtering these noises was necessary not to affect the frequency analysis. There are several filtering methods in the frequency domain: high-pass filtering, low-pass filtering, and band-pass filtering. The unnecessary components should be removed to evaluate the frequency characteristics. Therefore, low-pass filtering was performed for removal of noise where less characteristics change of load data were available.
For selecting the excluded frequency, the characteristics of power transmission was considered for each load data and must be applied while considering the engine rotation speed as 2600 rpm as it was required to select the excluded frequency more than 86.6 Hz because of losing the load characteristics according to the rotation of axis excluding 86.6 Hz less frequency. In addition, the frequency over 33.2 Hz was selected for the PTO shaft. For the load of PTO shaft, the excluded frequency was selected considering the rpm until the generated power was delivered from the engine to the PTO shaft but the frequency over 60 Hz was selected for rotary tilling and the frequency over 66 Hz was selected for baling operation while considering the gear ratio of the PTO shaft and working machine, the number of working days etc. Table 4 shows the data parameters to a 75 kW tractor at plow tillage and rotary tillage.
III. Results and Discussion
Pre-processing of load data
(1) Removal of outliers Outliers were confirmed from the load data those were out of driving range of power unit and found with incorrect changes while considering the before and after data of other power units, and the data showed the same value without any changes were considered as outliers and such types of data were removed.
The negative values at the power transmission were found in all field operations. These values were generated due to the vibration or the backward movement during travelling. Considering the real situation and for the further analysis at time domain, these values were changed to 0. Similar to other operations, the transmission shaft torque data was confirmed below 0 for rotary tilling and was not processed as 0 but changed to a suitable value after confirming the rotation speed of engine and driving speed, before and after data, and the natural frequency. Table 5 shows the comparison of statistical parameters before and after outlier removal at the load data of the 75 kW tractor.
The negative PTO shaft torque data were changed to 0. The outliers were identified for rotary tillage and baler operations where the power transmitted to the working machine using a PTO shaft. In addition, before and after data was changed while considering the number of revolutions of PTO shaft from rotary tilling, confirming the data beyond instantaneous suitable degree of changes. After processing of outliers, there was no change of its specific characteristics such as mean and standard deviation of data and the data specific frequency was also not affected and the factors affecting the future analysis were removed for easier analysis. Fig. 2 and 3 show the outlier removal process during plow tillage operations at the 75 kW tractor.
(2) Filtering
The low-pass filtering was performed in order to remove the white noise that existed in the load data of transmission shaft and PTO shaft. Considering the driving characteristics of power unit, the filtering was performed not to affect its specific characteristics. (Table 6 ).
After filtering, the processed data was compared with the original ones and no significant differences were found; RMSE were very low.
(3) Distribution of working area
Results of working division classification of the load data and the characteristics of major power unit at each division were appeared differently. The load in the transmission shaft was higher in the working than driving of the tractor. But at the turning section, the load was found higher in the auxiliary hydraulic pump when was used for steering control.
Torque of transmission shaft during the lifting up and down was the largest among all operating routines.
After classification, the unnecessary results were reduced through the outlier removal and noise filtering; resulting in the reduction of steps and time.
IV. Conclusions
On this study, the preprocessing works such as 
